A new method using gel permeation chromatography (GPC) cleanup followed by ultra-performance liquid chromatography combined with tandem mass spectrometry (UPLC-MS-MS) has been established for simultaneous determination of 18 carbamate pesticides in nuts (chestnut and pine nut). Recoveries obtained by fortifying nut (spiking at 0.02 mg/kg) range from 70.21% to 89.56%. The proposed method features good sensitivity. Its limits of quantification are low enough to allow pesticide residues to be determined at concentrations below the maximum residue levels legally accepted. The precision, expressed as relative standard deviation, ranges from 2.26% to 4.07%.
Introduction
Carbamate pesticides have become increasingly important in recent years due to their broad spectrum of activity, relatively rapid disappearance, and generally low mammalian toxicity, but because they are inhibitors of acethylcholinesterase, they are considered to be toxic for the environment and for human beings. The detection of their residues in food has caused a great deal of public concern because of carbamate pesticides being used in households and in agriculture on a large number of crops. Analysis involves a number of stages such as extraction, removal of interfering substances from the extract, and determination (1) . The regular sample preparation method for the analysis of carbamate pesticides include solid-phase microextraction (SPME) (1) (2) (3) (4) (5) (6) , solid phase extraction (SPE) (7) (8) (9) (10) (11) (12) (13) , and gel permeation chromatography (GPC) (14) (15) . SPME is a simple process, but it is more difficult to choose and to optimize the experimental conditions. SPE are rather complicated processes for sample preparation (3) . Big disadvantages of SPE are the large quantities of solvent utilized, the multiple operation steps needed, the preconcentration of the extract required prior to analysis, and the interfering compounds that are more likely to be coextracted (6) . GPC appears to be best suited to multi-residue analysis as it affords clean-up of both polar and non-polar pesticides with a single injection on a fully automated system (15) . In addition, GPC can clear up material, which is high in oil content. Nuts are a food whose oil content is high, so we chose GPC to clear up nut samples. It is necessary to develop an analytical method with high sensitivity to meet the requirements of carbamate pesticides monitoring. Pesticides are routinely analyzed using gas chromatography (GC), gas chromatography mass spectrometry (GC-MS), high performance liquid chromatography (HPLC), and high performance liquid chromatography combined with mass spectrometry (HPLC-MS). However, because they are nonvolatile and semivolatile, it is difficult or even impossible to analyze such pesticides as carbamates using conventional GC and GC-MS (14) . Carbamates pesticides are routinely analyzed using HPLC and HPLC-MS. The purpose of this study is to develop a much more rapid and efficient method than HPLC and HPLC-MS for the simultaneous determination of 18 carbamates pesticides in nut by ultra-performance liquid chromatography combined with tandem mass spectrometry (UPLC-MS-MS) with GPC. grade) were purchased from Kermel Chemical Reagent Co., Ltd (Tianjin, China). HPLC-grade water was obtained by the purification of deionized water using a Millipore Mill-Q system (Billerica, MA). The other reagents were analytical-grade.
Individual stock standard solutions of each carbamate pesticide (1.000 mg/mL) were prepared in acetonitrile. Stock standard solution (10 µg/mL) containing all the compounds was prepared from individual standard solution (1.000 mg/mL) by dilution with acetonitrile. Standard solutions (10, 20, 40, 60, 80 , and 100 µg/L) were obtained by appropriate dilution of the stock standard solutions (10 µg/mL) in acetonitrile. These solutions were stored at 4°C.
Samples
Whole chestnut and pine nut samples used for this study were collected from local markets. The samples used for recovery and sensitivity studies were previously determined to be free of carbame pesticides.
Sample extraction
Accurately weighed 2.000 g samples in a 50-mL centrifuge tube were added with 20 mL acetonitrile, homogenized for 1 min, and then centrifuged for 5 min at 40,000 rpm. The supernatants were made to pass through a glass funnel with 5 g sodium sulfate and collected in a 250-mL evaporation flask, rehomogenized in the centrifuge tube with 20 mL acetonitrile, recentrifuged, and then transferred to the previously mentioned glass funnel before the extracts were combined, which were then placed in a water bath of 40ºC and evaporated to dryness on a rotary evaporator for cleanup.
Process of GPC cleanup
The concentrated extracts were dissolved using 5 mL of cyclohexane-ethyl acetate mixture (1:1, v/v), transferred to a 10-mL volumetric flask, rinsed the evaporation flask with 2 mL of cyclohexane-ethyl acetate mixture (1:1, v/v) twice, and transferred to the previously mentioned 10-mL volumetric flask before diluting to volume with cyclohexane-ethyl acetate mixture (1:1, v/v) and mixed well. The sample solutions were filtered into a 10-mL test tube and cleaned up based on the following conditions by GPC. Mobile phase was cyclohexane-ethyl acetate mixture (1:1, v/v); flow rate 4.7 mL/min; injection volume 5 mL; starting collecting time 8.2 min; stopped collecting time 14.2 min. The eluted portions of 8.2-14.2 min were collected in a sample vial and then blown to dryness with nitrogen gas, the precipitate of which were then dissolved in 1 mL of 10 mM ammonium acetateacetonitrile mixture (9:1, v/v) before being submitted for determination by UPLC-MS-MS.
UPLC-MS-MS
The column used was a Hss T 3 (2.1 mm × 50 mm, 1.8 µm). The mobile phase was 10 mM NH 4 AC-acetonitrile mixture, and a gradient program were used at a flow rate of 0.3 mL/min. Table I shows the gradient conditions. UPLC injection volume was 10 µL. MS detection was performed with an electrospray interface operating in the positive ionization mode for each target compound. In addition to the specific cone voltage and collision energies for each compound, the capillary voltage was 3 kV; RF lens voltage 0.5 V; source temperature 110°C; desolvation temperature 350ºC; Nitrogen was used as nebulizing, desolvation, and cone gas. The flow rate of the desolvation gas was set to 500 L/h, and that of the cone gas was set to 20 L/h. 
Content calculation
The pesticide content in matrix (c m , µg/kg) was obtained by equation c m = 2 × c v × v × 1/m, in which c v (µg/L) was corresponding concentration calculated from the calibration curve, v was sample volume (mL) before UPLC analysis, and m was quantity of matrix samples (kg). Because injection volume of GPC was half, so pesticides content was two times the results. In this study, v = 1 mL, m = 2 g; so we obtained c m (µg/kg) = c v (µg/L)
Results and Discussion

Optimization of GPC cleanup variables
Because most nuts are high in oil content, olive oil, methomyl, and benfuracarb were chosen to optimize the collection condition for the pesticide fraction from GPC system. The solution (5 mL), obtained by dissolving methomyl, benfuracarb, and olive oil in cyclohexane-ethyl acetate mixture (1:1, v/v), was injected into the GPC column at 4.7 mL/min. The molecular mass of methomyl is the least, and the benfuracarb is biggest in the pesticides chosen. Molecular masses of pesticides were between 163.2-411.1 whereas that of lipids ranged from 600 to 1500. Hence, the larger lipid molecules that are too big to pass through the pores of polymer beads are not retained, and they are the first to be eluted from the column. As can be seen in Figure 1 , the fat fraction was eluted between 4-8 min. On the other hand, the carbamates pesticides were detected between 8.2-14.2 min. No lipids fraction was detected over the chromatographic separation of the pesticides. 
Optimization of UPLC-MS-MS conditions
Monitoring conditions were optimized for each pesticide. Table II shows the MS-MS conditions used for the detection. The chromatogram of the standard pesticides obtained is shown in Figure 2 .
Validation of the method
The linearity was determined using the calibration curve obtained with concentrations of 10, 20, 40, 60, 80, and 100 µg/L. The results showed good linearity with the correlation coefficients r ≥ 0.99 (Table III) . The slopes and intercepts of calibration curves for different carbamate pesticides were very different. It suggests that molecular structure of the individual pesticide have remarkable influence on its response on UPLC-MS-MS analysis and detection. This also explains the big difference of the limits of detection (LOD) and quantitation (LOQ) for different carbamate pesticides (Table IV) .
LOD is considered as the minimum concentration of analyses that generated a response three times greater than the noise level of the detection system. LOQ is considered as the minimum concentration of analyses that generated a response 10 times greater than the noise level of the detection system. LOD and LOQ were calculated from the chromatogram in this study. Compared to legally accepted value, LOD and LOQ obtained with the developed method were obviously lower (Table IV) . It suggests that the proposed method features good sensitivity. Its LOQs are low enough to allow pesticide residues to be determined at concentrations below the maximum residue levels legally accepted.
The accuracy and precision of the previously mentioned method were investigated by the analysis of chestnut and pine nut spiked at 20 µg/kg (Table V) . Recoveries ranged from 70.21% to 89.56%. The precision, expressed as relative standard deviation (RSD), ranged from 2.26% to 4.07%. These results demonstrate that the developed method has good precision and accuracy.
The developed method was verified by Jilin Border Inspection and Quarantine Bureau, Yunnan Border Inspection and Quarantine Bureau, and four other laboratories. There was no statistical difference on 95% confidence level between the data obtained by different laboratories.
Conclusions
A method for the GPC clean-up and determination of 18 carbamate pesticides in nut by UPLC-MS-MS was developed. The GPC technique was found to substantially simplify the removal of fat matter relative to other sample treatments. The method has good recovery, reproducibility, and low limits of quantification. Its limits of quantification are much lower than the maximum residue levels legally accepted. 
